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Device for generating images and/or projections 



The invention relates to a device for generating images and/or projections by 
means of an imaging method, which device includes a device for the detection of input 
radiation which includes at least one acquisition element which comprises a sensor for 
converting the iaput radiation and a photodiode which converts an optical signal into an 

5 electrical signal. The invention also relates to a device for the detection of input radiation. 

Tomogrjqphy is a slice imaging method used in the field of medical X-ray 
diagnosis. According to ttiis method a coupled motion of the tube and the fihn takes place in 
opposite directions while the patient remains stationary. A given, selected depth zone is thus 
sharply imaged on the film, whereas parts of the objects which are situated higjier or deeper 

10 are blurred because of the continuously changing projection. 

In X-ray tomography the attenuation of X-rays by a given slice of the body of 
the patient is measured by means of a pluraUty of detectors in different projection directions. 
To this end, a narrow X-ray beam (fen beam) is formed by means of an X-ray tube and 
diaphragms. This beam traverses the relevant part of the body and is attenuated to a different 

15 degree by the various structures within the body (for example, the skin, fat, muscles, organs, 
bones). 

Exactly opposite the X-ray tube Ihere is arranged a plurality of detectors which 
receive the attenuated signal and process it electronically so as to propagate it to a computer 
for evaluation. Subsequently, the X-ray tube and the oppositely situated detectors are rotated 
20 slightly fiirther around the patient. 

The described procedure is then repeated. Various views (projections) of the 
same slice are thus generated and converted into a grey scale image in the computer. This 
image can be viewed and evaluated on a display screen or an X-ray film. This technique 
yields images which contain significantly more contrast than those produced by a 
25 conventional X-ray technique. 

A fiirther method based on the principle of tomography is called Emission 
Computer Tomography (ECT) which is based on the measurement in slices of temporarily 
incorporated radionuclides (scintigraphy). The emission of positrons from ^^O carbon dioxide 
or ^^Ge (Positron Emission Computer Tomography or PET) or photons from ^""Tc or ^^I 
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(Single Photon Emission Computer Tomography or SPECT) is then measured. Such nuclear 
medicaltomographymethodsofferlheadvantagethattheypresenttheviewerofthe 

tomographically generated image with information which goes beyond pure morphology and 
which possibly also images physiological events. 

5 In contemporary computer tomography two basic types of radiation detectors 

caabe distinguished: direct converters (for example, xenon gas detectors) and scintillation 
detectors, in the case of solid-state detectors, made of a scintiUation material (scintillator), the 
visfele Ught emitted after excitation is collected by photodiodes. In X-ray compute: 
tomography soUd-state detectors contain either cadmium tungstate (CdWO.) or materials on 

0 the basis of rare earths. Frequently used scintillators are Ce^-doped materials such as, for 
example. Lu.Si05:Ce or Gd.SiOs:Ce.h.PET methods or in SPECT methods the scintillate^ 

often used is NaI:Tl or bismulh germanate Bi4Ge30n (BGO). Detectors provided with a 
scintillator in the form of Ce^-doped materials are known, for example, from EP 1 004 899. 

The scintillator must satisfy some conditions. For example, the scintillator 
1 5 must have a high density, a high taminous efficiency and a short excitation and decay time. 

The decay time t of NaI:Tl amounts to 250 ns. that of BGO to 300 ns, that of 
Lu.Si05:Ce to 40 ns and that of Gd^SiO^rCe to 56 ns. For many appUcations it is desirable to 
utilize scintUlators having even shorter decay times. 

Therefore, it is an object of the invention to provide a device for tomography 

20 which comprises a scintillator having a shorter decay time x. 

This object is achieved by means of a device for generating images and/or 
projectionsbymeans of an imagingmethod, which device includesadevice for the detection 

of input radiation which includes at least one acquisition element which comprises a sensor 
with a Pr^^-activated scintillator for converting the input radiation into UV radiation and a 
25 photodiode which converts an optical signal into an electrical signal. 

Pr^^-activated scintillators have short decay times t in the range below 25 ns 
which therefore, are even shorter than those of Ce^-activated scintillators. 

Because of the short decay time x, the integration time canbe reduced durmg 
the determination of the intensity of the input radiation, so that the image rate for the 
30 generating of images and/or projections can be significantly increased. Because of the 

increased image rate, the occurrence of artifacts, for example, shadow images, is reduced. 
Furthermore, the examination time is reduced for the patient, because more single images can 
be measured within a shorter period of time. 
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The advantageously selected Pr'^-activated scintillators in confonnity with 
claim 2 have short excitation times and short decay times x. Furthermore, they emit UV 
radiation in response to excitation by means of X-rays or y quanta. 

For the advantageously chosen imaging methods in conformity with the cl2iims 
5 3 to 5 it is important that the scintillator has a short decay time and hence enables a high 
image rate. The time window is of major importance notably for the PET method and it is 
particularly advantageous to utilize a scintillator having a short decay time in the device for 
determining input radiation. 

The advantageous embodiments in conformity with the claims 6 to 8 make it 
10 possible to use a larger part of the input radiation for the image analysis. The luminous 

substance that can be excited by ultraviolet radiation absorbs the ultraviolet radiation emitted 
by the scintillator and converts it into long-wave radiation adapted to the spectral sensitivity 
of the photodiode. As a result, overlapping of the emission spectrum of the scintillator and 
the sensitivity spectrum of the photodiode is maximum and the photodiode can operate with a 
15 maximum quantum efficiency. 

The invention also relates to a device for the detection of input radiation which 
includes at least one acquisition element which comprises a sensor with a Pr^-activated 
scintillator for converting the input radiation into ultraviolet radiation and a photodiode 
which converts an optical signal into an electrical signal. 
20 Embodiments ofthe invention will be described in detail hereinafter with 

reference to the accompanying Figures. Therein: 

Fig. 1 is a diagrammatic representation of the constmction of a device for 
generating images and/or projections by means of the PET method. 

Fig, 2 shows the excitation and emission spectrum of CaLi2Si04:Pr, Na, 
25 Fig. 3 shows the excitation and emission spectrum of lAiP04:Pr, 

Fig. 4 shows the excitation and emission spectrum of Lu2Si05:Pr, and 

Fig. 5 shows the excitation and emission spectrum of LaP04:Pr. 

A device for generating images and/or projections can operate with various 
imaging methods. Preferably, the device is arranged to carry out the PET method or the 
30 SPECT method as the imaging method, or to carry out the imaging method by means of X- 
rays. 

In conformity with the PET method, a metaboUc preparation marked with 
given, unstable nuclides is injected into a patient; this preparation is taken up in a tissue- 
specific or function-specific maimer. The radionuclides used decay, giving rise to two y 
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quanta in diff^ent successive processes in to vicinity of fl>e location of decay; theae «ro 
quanta fly in exacUy opposite diiecdons and leave Ae patient ». as «. be detected by a. 
^rs which are axranged in the tonnofating around the patient inthe device fcr the 

detecdonofinput radiation. D«ingtoir«avelfh>m me locadon of origin to .he locatron 
5 wherethey™exgeftomthepatienltheY,uantatraver^forthertissueofe»patient;.lns 

tissue can absorb the y <ruu«a more or less in dependence on the type of tissue. Generally 
apealdng..her*m«aar.att»uatedtoatissu^eciflcmanner.AUdetected„uan.a 
together fbm>ase. of projections of fl» image whereftomasUceinrage or volume nnagets 

reconstructed in Inovm manner during a subsequent reconstruction operation. The PET 
10 method yields functional images of ttie object 

Ihe two r quanta have the same energy of 5 U koV. The detection of the v 
,u»taispe.&rmedbym«n«ofsctotinat«sinthesensorofflredevicefbrthed.tectionof 

input radiation. ^ • 

Fig 1 is a diagrammatic representation of a device fer fcmamg a sl.ce mmge 

15 byme^ofthePErme.ho4Thepatiem.ormeobi.c,toh.examinedl.isanangedw,,hm 
aring.Ukedevice2for the detection otinputradiation which consists of mdivrdualdetectron 
„rac,uisitionelem«.ts3.1^eplanedefin«.by*eringin..rsectsti.eobjeCl.for«<»n^e. 
in the plane of intersection 4. The describ^i decay pn>cess takes place at fte location 5 where 
two T quanta leave the object 1 ta opporite directions along the double am>w 6. The 

20 individualsc=sorelemen.s3of4edevice2fcrftedetectfonofinpu.radiationare 

connected, via leads 7. to a data processog unit 8 which ev.taa.es *e signals ftom the 
detection elements 3. The slice image formed is subsequentty dispUyed on a display dev»e 

AhiiJ>temporalre«,lutionisveryimportantS.rth.PErmettod,bec».s.«ie 
25 entireprocessfemteennssionoftheposit,onuntiltode,ecttonoftor,nan.atakesplace 

within a few nanoseconds. Because of the short decay time ih. mtegration time during fl» 
determinationof are intensity ofmeinputradiationoanbereduced. so flrattounagera^c^, 

bo significantly increa^. As a result of the increased image rate, a higher dose of nuchdes 
oanbe admmisteredtt. the patientso as to reduce the overall examtoation tone. 
30 Furthennore, for the PET method it is also important to detemaine «ie energy 

of til. r quanta ta onler to ensure tiiat ttiey have not left toeir original tiaj ectory due h. 
.catteringprocesses. Such r quanta have an «>ergy value which is lower man 511 keV.Tlre 
on«gy vatae of the Y quanta is determined 6om tire level of tire dCected signal, h. this 
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respect it is important that the scintillator is in the normal state again and not in an excited 
state still, as otherwise an energy value of 5 1 1 keV will be xmdnly determined, despite the 
fact that the y quantum was scattered and has a lower energy value. 

The SPECT method also is a nuclear medical examination method. The 
5 nuclides used for the SPECT method originate from natural decay and emitted y quanta with 
energies of 141 keV C^c) at 159 keV Like in the PET method, the emitted y quanta 
are detected by the device for the detection of input radiation and their signal is amplified. 
However, a collimator is arranged in fix>nt of each detection element. The colUmator serves 
as an objective and consists of a lead plate which is provided with bores which are arranged 

10 in parallel or in a converging fashion, y quanta which are incident at an angle are absorbed by 
the collimator, thus enabling the three-dimensional imaging. 

In the case of X-ray computer tomography the device for generating images or 
projections includes an X-ray tube which emits a fine, usually fan-shaped beam and moves in 
a circle around the longitudinal axis of the object to be examined. After having traversed the 

15 object, flie X-rays transmitted by the tissue of the object are c^tured again by an oppositely 
situated device for the detection of input radiation. For small fields of a format of 
approximately 1.5x1,5 mm the computer calculates the difference between the emitted 
energy and the received intensity of the X-ray beam and forms firom the different values a 
grey scale image which is displayed on a display device. The grey values correspond to the 

20 respective relative density of the tissue. 

Like in the PET method, according to the latter two methods the integration 
time during the detection of the intensity of the input radiation can again be reduced as a 
result of the short decay time x, so that the image rate for the generating of images and/or 
projections can be significantly increased. As a result of the increased image rate, the 

25 occurrence of artifacts, such as shadow images, is reduced and also the period of time 
required to carry out the imaging method. 

The device for the detection of input radiation may be composed of a plurality 
of acquisition elements, each acquisition element comprising a sensor for converting the 
input radiation into UV radiation and a photodiode. It is particularly advantageous when each 

30 acquisition element comprises an array of photodiodes. The sensor and the photodiode array 
are customarily formed as a respective layer and combined so as to form a system of layers. 

The sensor layer constitutes the entrance screen for the input radiation which 
is preferably formed by X-rays or y rays. Underneath the srasor layer there is arranged the 
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layer with the photodiodes. Electrical contact leads extend from flie layer with the 
photodiodes to the electronic read-out curcuitry. ,+ ^ , , 

TheessentialelementofthesensorisformedbyalayerofaPr' -activated 

scintinator which converts the input radiatiorxir^toUV radiation. It is very advanto^^^ 

whenthesensorcomprisesalayerofLaP04:Pr,LuF3:Pr,LuCl3:Pr,LuBr3:Pr, 

(Lu, xY0PO4:Pr, where 0 ^ x ^ 1. (Lu..Y^SiOs:Pr, where 0 ^ x ^ 1. (Lux-xY^Sx.O,:Pr. 

where 0 < X < 1. (Lu.,Y,)B03:Pr. where 0 < x ^ 1, or Ca,.,Li.Si04:Pr,Na,. where 

0.001^y^02.SuchPr^-activated materials enntmr radiation after excita^^^ 

short decay times, 
scintillators. 




15 



20 



25 



■n« shorter decay toe , of Fr^-aotivMed scintilWors, ftal is. in compari«» 
„,„«,K»>ding C'^^vatod «intina«.rs. .anbo deriv^l Srom drc rado x » 11^ ■ 
lovds of the fte. P.^* oadon are siWod approxima«ly 62000 cnr' above to 4f levels. 
wh^casOuseoergydifi^— »o,^y50000cm'in*efteeCe eation^T^ 

larger energy difltonc. is also responsible for the ft»t tha. the emission bands of Pr - 
activated sdntillators. origmating ftom 5d-4f tr^^itions, are otMgher energy than the 
^asionbands of eorrespondtag Cc^-acdvatod acintinators. Therefore, their nrarn emrssron 
bands of the Pr^-aotivaled sdntillatora in aocordanc «ith the invendon are situated m the 
^0 fton. 220 to 350 »n. so in the range of UV radiadon, whereas the emission bands of 
Ce"-activated sdntiUalors are of a significantly longer wavelenglh. 

■tte sensor layer ^fli the P,^-K!tivated scintUlator is customarily fomed by 
p«ssing.Apowderof«».pp.opria.=P^--«lva.«l»tatill..oris formed fe^^ 
;ub^u=nUyconver.«lh«oacryatallayerbymeansofap.e,singmethod.fore.ampl.. 

Wgh-pressure cold pressmg or Mgh-temperabKO iso.ta.ic Passing- The size of such pressed 
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crystals is in the range of from a few millimeters to a few centimeters. A sensor layer of this 

kind is bonded to the layer with the photodiodes. 

The powdery scintillator material can be formed from the starting compounds 

by a solid-state reaction as well as by reactions in an aqueous or aqueous-alcoholic solution. 
5 During the latter reaction the relevant metal salts and/or metal oxides are possibly dissolved 

or suspended with a combination of the anion of the scintillator in water or a water-alcohol 

mixture so as to be reacted. 

In the photodiodes the UV radiation is converted into electrical signals. 

Because of the emission in the range of UV radiation, only UV-sensitive photodiodes can be 
10 used in the device for the detection of input radiation. For example, photodiodes with CsaSb 

photocathodes, bialkaline photocathodes or multialkaline photocathodes can be used. 

Furfhemiore, use can also be made of photodiodes based on Si, GaN or AlGaN. 

In order to enlarge the choice of suitable photodiodes, a color converter which 

converts UV radiation into radiation of longer wavelength can be arranged between the 
15 sensor layer and the layer with the photodiodes. To this end, the color converter contains a 

luminous substance which can be excited by UV radiation. The color converter thus converts 

the UV radiation emitted by the sensor into radiation having a wavelength range which 

corresponds to the maximum of the spectral sensitivity of the photodiode used. The radiation 

of longer wavelength may comprise colored light or infixed radiation. 
20 For the luminous substances use can notably be made of organic luminous 

substances with a high photolununescence quantum eflficiency and a short decay time x. 

Particularly attractive liuninous substances are Coumarins such as Coumarin 1 

(Xmax = 430 nm) or Courmarin 120 (ttmax = 442 nm) or lumogen dyes such as Lumogen 

F Violet 570 marketed by BASF. The decay times -c of these luminous substances are less 
25 than 10 ns. 

The color converter may comprise, for example, a polymer light guide which 
is doped with the luminous substance. The polymer light guide may contain, for example, 
polymethylmethacrylate, polystyrol, polytetrafluoroethylene, polycarbonate, polyimide or 
polyvinylchloride. Altematively, the color converter may comprise two components, that is, 
30 the polymer Ught guide and a separate layer with the luminous substance. In this embodiment 
the polymer light guide adjoins the sensor layer of the acquisition element; the separate layer 
with the luminous substance adjoins the polymer light guide and is adjoined itself by the 
layer with the photodiodes. 
Example 1 
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• ■ ot7nn'»C for two hours and annealed twice in a CO atmospnere 



10 16 ns. 



calcinated twice for 2 hours at 1250 uma»^v^*viu - • ,o«;n°r 

for 1 hour. The excitation and eniission spectrum of to scmtillator 
20 decay time t of LuP04:Pr amounts to 9 ns. 

^""^^^^ ^ i5i„(25 1mmol)and86.0mg(84.lMmol) 

10 0 e (25.1 imnol) LU2O3, 1 1 g l.-'^- ^ 

! . in 200 ml ethanol in order to produce Lu.Si05:Pr. Ti^e suspension 

. • ♦«™,>ftWs scintillator is shown m Fig. 5. The decay nmcx 
excitation and emission spectrum of this scmuuaxor 



30 LuiSiOs'-Pr amounts to 16 ns. 
Example 4 



,X.4g(282^l)I*0,»dSS,»s(2.4S™no.)PrCU.6H,Owe» 
^^■^mr^^'^'^'or^^^O^- 69.0 g(598™no0 
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phosphoric acid was added slowly while stirring. The suspension was stirred for 24 hours and 
subsequently concentrated in a rotary evaporator. The residue obtained was dried at 100 "C, 
mortarized and mixed with 1 .2 g LiF. The scintillator was calcinated in a nitrogen 
atmosphere for 2 hours at 1000 °C. The scintillator powder obtained was rinsed in diluted 
HNO3 for 6 hours at 60 "C. Finally, the scintillator was sucked off, rinsed acid free with 
water and dried at 100 "C. Fig. 6 shows the excitation and emission spectrum of this 
scintillator. The decay time x of LaP04:Pr amounts to 1 1 ns. 
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CLAIMS: 



1 . A device for generating images and/or projections by means of an imaging 
method, which device includes a device for the detection of input radiation which includes at 
least one acquisition element which comprises a sensor with a Pi^^-activated scintillator for 
converting the input radiation into UV radiation and a photodiode which converts an optical 

5 signal into an electrical signal. 

2. A device for generating images and/or projections as claimed in claim 1, 
characterized in that the Pr^^-activated scintillator is chosen from the group LaP04:Pr, 
LuF3:Pr, LuCb-Pr, LuBts-Pr, (Lu,.xY.)P04:Pr where 0 ^ x ^ 1, (Lui.xY.)Si05:Pr, where 

10 0 ^ X ^ 1. (Lui-xYx)Si207:Pr. where 0 ^ x ^ 1. (Lux-xY,0BO3:Pr. where 0 < x < 1 ,and 
Cai.2yLi2Si04:PryNay .where 0.001 ^ y ^ 0.2. 

3. A device for generating unages and/or projections as claimed in claim 1 or 
claim 2, characterized in that the device is arranged to carry out the PET method as Ihe 

15 imaging method. 

4. A device for generating images and/or projections as claimed in claim 1 or 
claim 2, characterized in that the device is arranged to carry out the SPECT method as the 
imaging method. 

20 

5. A device for generating unages and/or projections as claimed m claun 1 or 
claim 2. characterized in that the device is arranged to carry out the imaging method by 
means of X-rays. 

25 6. A device for generating images and/or projections as claimed in one of the 

claims 1 to 5. characterized in that a color converter which contains a luminous substance 
which can be exctted by UV radiation is arranged between the sensor and the photodiode in 
the device for the detection of input radiation. 
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7. A device for generating images and/or projections as claimed in claim 6, 
characterized in that the color converter comprises a polymer light guide which is doped with 
the luminous substance that can be excited by UV radiation. 

8. A device for generating images and/or projections as claimed in claim 6, 
characterized in that the color converter comprises a polymer light guide and a separate layer 
with the luminous substance that can be excited by UV radiation. 



9. A device for the detection of input radiation which includes at least one 

10 acquisition element which comprises a sensor with a Pr^^-activated scintillator for converting 
the input radiation into UV radiation and a photodiode which converts an optical signal into 
an electrical signal. 
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